Ecological studies of Aulacaspis tubercularis (Newstead) (Diaspididae: Hemiptera) and its natural enemies were carried out during two successive years (2007-2008 and 2008-2009) in Inshas El-Raml district, Sharkia Governorate, Egypt. The obtained results revealed that the total number of alive stages had one peak of activity yearly in both top and bottom levels of the trees. Aphytis sp. and Encarsia sp. (Aphelinidae), Habrolepis diaspidi (Risbec) (Encyrtidae) were recorded as parasitoids of A. tubercularis. Cybocephalus micans Reitter (Order: Nitidulidae) was recorded as predator of A. tubercularis. The total effects of a biotic factors (Temperature ºC, Relative humidity RH% and Light intensity Lux) under this study on the total numbers of alive stages of the pest during the two years were 63.19 and 40.20 % in the top level and 77.66 and 39.44 % in the bottom one, successively. The pest activity appeared three annual generations in either the top and bottom levels of mango trees.
INTRODUCTION
Mango trees, Mangifera indica L. (Anacardiaceae) considered as one of the most popular fruits in Egypt. It contains a high percent of sugar, protein, fats, salts, vitamins. It plays an important role in food industrialization such as juices, which wanted with large amounts to export according to good reputation of Egyptian varieties. Now, the Egyptian agricultural strategy is to increase the quality level of exported crops to certain European countries, for this reason many efforts has been done to increase the total cultivated areas of mango in Egypt, as a favorable fruits in many countries. The total cultivated areas in Egypt has been rapidly increased and reached about 129073 feddans in 2007, producing a yield of approximately 497771 tons. In Sharkia Governorate, cultivated areas were 20873 feddans producing a yield of approximately 95428 tons. (Economic Agricultural Report, from Central Administration for Economic Agriculture, Ministry of Agriculture, Egypt, 2007) .Scale insects are usually considered as the most important pests which infesting mango trees in many countries of the world. Gallardo (1983) , Williams and Watson (1988) reported that a heavy infestation of Aulacaspis tubercularis (Newstead) (Diaspididae : Hemiptera) occurred on mango in an experimental orchard containing 84 varieties in Puerto Rico. This scale insect injures the leaves and fruits, affecting the commercial value of the fruits and its export potential. Colyn and Schaffer (1993) , Peña et al. (1998) and Joubert et al. (2000) mentioned that A. tubercularis injures the leaves and fruits, affecting the commercial value of the fruits and their export potential. Infested mango fruits have conspicuous pink blemishes around the feeding sites of the scales. In nurseries, severe early-stage infestation retards growth. Young trees are particularly vulnerable 8 to excessive leaf loss and death of twigs due to scale, during hot dry weather. A. tubercularis presents significant pest problems on mango in South Africa. It is also a problem on mango in Australia, East and West Africa, North and South America and the Caribbean Islands. Ascher et al. (1995) studied the ecological aspects of this pest on mango trees using data gathered from two localities, Kaapmuiden and Nelspruit, South Africa. They revealed that the highest infestation rate occurred on the shady south-facing lower aspect of the tree. Population peaks of the pest occurred during different periods of the year in the two regions monitored. The population peak at Kaapmuiden, with a higher mean temperature, occurred in August, much earlier than at Nelspruit, where it occurred in November. Radwan (2003) reported that A. tubercularis had three generations on mango trees at Beni-Swief Governorate, Egypt. Kwaiz (2009) in Egypt, mentioned that this insect had three peaks on mango occurred during March, June and November through each of the two studied years, while the lowest population was occurred in mid July. Also, data clearly showed that A. tubercularis had four overlapping annual generations during the two studied years.
MATERIALS AND METHODS
Field experiments were carried out in mango farm located in Inshas El-Raml district, Sharkia Governorate. This study was continued for two successive years, from March 2007 until February 2009. The farm received normal agricultural practices and no chemical control was applied. The study was conducted in an area of about one feddan for mango variety Shmama. Five trees were selected and labeled. These trees were nearly similar in size, age and vegetation. Each tree was divided into four main directions (east, west, north and south).
For sampling, five leaves were picked up at random once a month from each direction, i.e. 200 leaves per sample (5 trees × 4 directions × 5 leaves × 2 levels of the tree). The samples were put in polyethylene bags and transferred into the laboratory for carefully inspection. These samples were examined in the same day using a stereomicroscope whereas the different stages of A. tubercularis and Immature stages of predator were counted and recorded.
To study the parasitism ratios of A. tubercularis, the insects on each sample were separated into healthy alive insects and parasitized ones which bearing emerging holes of parasitoid adults or including parasitoids larvae or pupae. Each healthy alive insects or parasitized ones were counted and recorded. Parasitized scales were preserved in glass jars covered with muslin cloth by the aid of rubber bands and kept under laboratory conditions until parasitoids emergence. The total parasitism percentage for each sample was estimated. All emerging parasitoids were mounted in canada balsam. Parasitoids and predator were identified with helping of Prof. Dr. A. R. Hamed, Chief Researcher emirates, Biological Control Department, Plant Protection Research Institute, Agricultural Research Center, Giza, Egypt.
The prevailing means of air temperature (ºC) and relative humidity (RH%) in the experimental area during the periods of the present study were obtained from the Central Laboratory for Agricultural Meteorology, Agricultural Research Center, Ministry of Agriculture. Light intensity (Lux) in outer zone of the trees was measured at the sampling days using Luxmeter at mid-day (12 a.m.), when the sunlight was perpendicular with the earth to obtain the highest light intensity. The relationships between the tested climatic factors and each insect population, predator population and parasitism ratios were studied. Simple correlation, partial regression values and explained variance were calculated using COSTAT Computer Program (2005) .
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To detect the effect of the cardinal directions on the distribution of scale insects and its associated natural enemies mathematically, the following formula was used.
This angle was calculated by dividing F 2 / F 1 , Mahmoud (1981) , Hassan (1998) and Nabil (2003) : H = Powers summation F 1 = The population on the east (E) minus the population on the west (W) if the first is higher and reversed it if the later is higher. F 2 = The population on the north (N) minus the population on the south (S) if the first is higher and the reverse is applied if the population on the south is higher. The figure obtained represents the tangent, the corresponding values of which was obtained form the mathematical. Tables (1 and 2 ) in the top level of mango trees during the two successive years, the total number of alive stages indicated one peak in November with values of 18634 and 40935 individuals during the first and second years, respectively. Generally, the total number of alive stages during the second year (223300 individuals) was obviously higher in comparison with that during the first year (133525 individuals). Data given in Tables (3 and 4) revealed that the total number of alive stages in the bottom level of mango trees showed one peak in November with counts of 24541 and 44777 individuals during the two successive years. In general, the total number of alive stages during the second year (207399 individuals) was clearly higher as compared with that during the first one (143654 individuals).
These results are in agreement with the findings of Ascher et al. (1995) who reported that the population peaks of the pest occurred during different periods of the year, the population peak at Kaapmuiden occurred in August, much earlier than at Nelspruit, where it occurred in November.
Percentages of total mortality
Data presented in Tables (1 and 2) showed that the percentages of total mortality in the top level of mango trees during the two successive years, indicated two peaks. They took place in June and February during the first year and in August and January during the second year, with values of 47.31, 75.14, 42.45 and 53.40%, respectively. The mean percentage of total mortality during the first year (57.68%) was relatively higher than the mean percentage of total mortality during the second one (51.58%). As shown from obtained data in Tables (3 and 4) in the bottom level of mango trees during the first year, the percentages of total mortality had three peaks of mortality in April (55.99%), December (66.12%) and February (76.80%). While, during the second year, two peaks were noticed in August (49.67%) and October (49.94%). The mean percentage of total mortality during the first year (56.54 %) was relatively higher as compared with that during the second one (48.02%).
Predator population
During the course of this work, Cybocephalus micans Reitter (Order: Nitidulidae) was recorded as predator of A. tubercularis for the first time in Egypt. Data presented in Tables (1 and 2) showed that the highest number of predator in the top level of mango trees during the two successive years was in September (416 individuals) and in August (556 individuals), respectively. The highest ratio of predator: prey was in June, with ratio of 1:19 and 1:14 during the first and second years, respectively. The total number of predator during the second year (2943 individuals) was obviously higher than that recorded during the first one (2046 individuals). The mean ratio of predator: prey during the first year (1:65) was relatively higher in comparative with that during the second one (1:76).
Data concerning the bottom level of mango trees presented in Tables (3 and 4) . During the two successive years, the predator number peaked in August with counts of 574 and 446 individuals, respectively. The highest ratio of predator: prey (1:12) during the first year was in July. During the second year, the predator: prey reached the highest ratio (1:15) in June, July and August. The total number of predator during the first year was relatively higher than that during the second one with 3065 and 2598 individuals, consecutively. The mean of predator: prey ratio during the first year (1:47) was higher compared with that during the second one (1:80). These results are in agreement with the findings of Kehat (1967) who reported that the highest density of Cybocephalus beetles in Israel was recorded between May and December. 
Percentages of parasitism
During the course of this work, four hymenopterous species were recorded as parasitoids of A. tubercularis. They were Aphytis sp. and Encarsia sp. (Aphelinidae), Habrolepis diaspidi (Risbec) (Encyrtidae). The seasonal abundance of the parasitoids was presented as percentages of parasitism. Data presented in Tables (1 and 2) showed that in the top level of mango trees during the first year, the percentages of parasitism had one peak of activity in May (3.17%). During the second year, two peaks were noticed in April (5.11%) and January (1.90%). The mean percentages of parasitism were 2.40 and 1.91 % during the first and second years, respectively.
Data given in Tables (3 and 4) in the bottom level of mango trees during the first year, three peaks were recorded in April (3.01%), July (2.89%) and January (4.11%). While, during the second year, two peaks were noticed in April (4.11%) and December (2.11%). The mean percentages of parasitism were 2.71 and 1.93% during the first and second years, consecutively. These results are in agreement with the findings of Kamel et al. (2003) who studied the seasonal abundance of 18 species of the genus Aphytis from Egypt, observed on ten host plants infested with eleven armored scale insect species (diaspidids). The maximum parasitism rates were between 0.8 and 14.6%.
Effect of climatic factors: 2.1. Total number of alive stages:
Data given in Table ( 5) showed that in the top level of mango trees during the two successive years, there were negative significant effects between total number of alive stages and light intensity whereas (r) values were -0.702 and -0.625, successively. EV% affected the total number of alive stages by 63.19 and 40.20% during the first and second years, respectively. Data presented in Table ( 5) revealed that there was negative highly significant effect between the total number of alive stages and light intensity in the bottom level of mango trees during the first year (r= -0.736). During the second year, there were negative significant correlations between total number of alive stages and each of temperature and light intensity whereas (r) values were -0.585 and -0.616, respectively. Statistical analysis showed that EV% affected the total number of alive stages by 77.66 and 39.44 during the first and second years, consecutively.
Percentages of total mortality
Data in Table ( 5) showed that in the top level of mango trees during the first year, there were negative highly significant effects between percentages of total mortality and each of temperature and light intensity whereas (r) values were -0.917 and -0.845, successively. During the second year, no significant effects were recorded. EV% influenced the percentages of total mortality by 87.39 and 46.99% during the first and second years, respectively. Data given in Table ( 5) revealed that in the bottom level of mango trees during the first year, there were negative highly significant effects between the percentages of total mortality and each of temperature and light intensity whereas (r) values were -0.939 and -0.753, respectively. During the second year, no significant effects were noticed. Statistical analysis showed that EV% affected the percentages of total mortality by 88.68 and 47.57% during the first and second years, consecutively.
Predator population:
Data given in Table ( 5) showed that in the top level of mango trees during the first year, there was positive highly significant correlation between numbers of predator and temperature whereas (r) values was 0.820. While, during the second year, there was positive. highly significant effect between numbers of predator and temperature (r= 0.888), and positive significant effects between numbers of predator and each of relative humidity and light intensity whereas (r) values were 0.611 and 0.656, respectively. EV% af-fected numbers of predator by 78.07 and 87.90% during the first and second years, successively.
As shown from obtained data in Table (5) in the bottom level of mango trees during the two respectively years, there were positive highly significant correlations between numbers of predator and temperature whereas (r) values were 0.885 and 0.777, respectively. Statistical analysis showed that EV% affected the numbers of predator by 92.46 and 70.72% during the first and second years, consecutively.
Percentages of parasitism:
Data given in Table ( 5) revealed that in the top level of mango trees during the first year, there was negative significant effect between percentages of parasitism and temperature (r= -0.661). While, during the second year, no significant effects were recorded. Statistical analysis showed that EV% influenced percentages of parasitism by 67.63 and 55.46% during the first and second years, respectively.
As shown from obtained data in Table ( 5) in the bottom level of mango trees during the first year, there was negative significant correlation between percentages of parasitism and temperature whereas (r) value was -0.635. During the second year, no significant effects were recorded. EV% affected percentages of parasitism by 54.14 and 49.67% during the first and second years, consecutively. 
Number of generations:
As A. tubercularis is known to have overlapping generations, it was necessary to utilize the formula proposed by Audemard and Milaire (1975) and emended by Jacob (1977) for estimating the number of generations and their annual durations. Data of monthly counts of nymphal stage were indicated on millimeter paper.
Data illustrated in Figs. (1 and 2) indicated that during the first year A. tubercularis had three generations annually in the top and bottom levels of mango trees. In General, the generations lasted about three to five months. The first generation was during the period extended from the beginning of March till the end of July. The second and powers one occurred from the beginning of August to the end of October. The third generation occupied the period from the beginning of November till the end of February. While, in the second year, A. tubercularis had three generations annually in the top and bottom levels of mango trees. In general, the generations took about four months. The first generation was during the period extended from the beginning of March till the end of June. The second one occurred from the beginning of July to the end of October. The third generation occupied the period from the beginning of November till the end of February. These results are conformable with those of Radwan (2003) who reported that A. tubercularis had three generations on mango trees.
Preferable level and preferable leaf surface
Data given in Table ( 6) showed that during the first year, in the top level of mango trees the total number of alive stages, predator and parasitoids were higher on the upper surface of leaves with values of (80834, 1188 and 5269 individuals) than those on the lower surface with counts of (52691, 858 and 2313 individuals), consecutively. The same trend was found in the bottom level of mango trees whereas the total number of alive stages, predator and parasitoids were 82584, 1852 and 6541 individu- 
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Ecological studies of A. tubercularis (Diaspididae: Hemiptera) and its natural enemies 15 als on the upper surface and 61070, 1213 and 2404 individuals on the lower one, respectively. (2007-2008 and 2008-2009) . Fig. 3 : The calculated directions of Aulacaspis tubercularis and its associated natural enemies in top and bottom levels of mango trees, variety Shmama, in Inshas El-Raml district, Sharkia Governorate tow successive years (2007-2008 and 2008-2009 ).
